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PREFACE
It is only within recent years that iodine has come
into its rightful place among the minor elements.

This is

largely the result of work by the biological chemists who
have made rapid strides in the study of the function of iodine
in the body.

The study of natural sources of dietary iodine

has not kept the pace.

It is with this phase of the work

rather than the more biological aspects that this study is
concerned.
The writer wishes to express his appreciation to
Professor Joseph K. Nicholes, under whose direction this
work was carried on, for his keen interest and constructive
suggestions throughout the study.

Thanks are also expressed

to Robert Brailsford, graduate student, for laboratory
assistance, and to the writer's wife, Leola Lundell, for
assistance in the preparation of this thesis.
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CHAPTER I
THE PROBLEM, ITS IMPORTANCE AND IMPLICATIONS
Although iodine is considered one of the elements necessary for life, it never appears in nature in great quanti1
ties, and usually only in small traces as an impurity.
Iodine is easily detected qualitatively, but its quantitative
determination presents such a difficult problem that there
has been no agreement as to methods. 2

For example, McClendon

.3

reports sending aliquots of blood samples to eleven different
microanalysts in Europe and receiving results varying all the
way between 80 and 690 p.p.b.

STATE1'1ENT OF TEE PROBLEM
It has been the purpose of this study to (1) make a
critical investigation of a certain distillation method for
the determination of iodine to ascertain its weaknesses and
limitations and to test its applications, (2) improve the
method anl extent its application, (3) determine the iodine
content of some Utah soils, waters, and other materials.
1 McClendon, J. F., Iodine and the Incidence of Goiter,

2 Ibid., p. 102.
3

Loe. Cit.

2

THE IMPORTANCE OF IODINE IN LIFE
Iodine in Medicine:.

The mention of iodine cal.ls to

the mind of the layman its familiar use as an antiseptic and
counter-irritant.

These, however~ represent only a small

fraction of the medicinal uses of this element.

It finds

wide application--in the form of its salts--, for example,
in its internal administration in the treatment of many conditions usually classed as surgical, such as bone manifestations of tertiary syphilis.

4

The pharmacological action of

these iodine salts is cloaked by the term deobstruent,

5

which

implies that they possess the power of driving out impurities
from the blood and tissues.

These salts are commonly used by

the physician in preoperative diagnosis to determine the
syphilitic or non-syphilitic character of cranial tumors.

6

The deobstruent character of iodides is further manifest in
oases of chronic lead poisoning where they decompose and cause
to be excreted the albuminates of lead causing tissue degeneration. 7

A list of conditions where iodides are of definite

value includes metallic poisoning, as by lead and mercury,

p. 572.

4 "Iodine," Encyclopedia Britannioa, 1943 edition, XII,
6 Loo. Cit.
6 Loo. Cit.
7

loo. Cit.

asthma, aneu.rism, arteriosolerosis, angina pectoris, gout,
goiter, syphilis, haemophilia, Bright's disease, and bronohitis.8
Iodine was demonstrated to be an essential human nutrient by Bauman9 who in 1895 discovered that iodine was a relatively large oomponent of the thyroid gland of mammals.
Investigators for many years have been struck with the great
prevalence of goiter, myxedema, and cretinism in those regions
10
of the globe poor in iodine.
Indeed, MoClendon maintains
that if goiter maps

am

IIBpa

of iodine-poor areas were avail-

able they would coincide almost exactly. 11
many other investigations

12

This along with

would seem to demonstrate that

dietary iodine deficiencies oan be a oause of goiter.

The

state of Utah spent approximately twenty-five thousand dollars
1~
in an iodine-goiter survey in 1924-2D.
Iodine in Animal Nutrition.

Iodine has, been demonstrated

8 "Iodine," Encyclopedia Britannica, Loe. Cit.

9 Bauman,

z.,

Physiological Chemistry, p. 21.

10 MoClendon, ~• oit., p. 3.

-- --

11 Loo. Cit.

12 Willis, L. G., Bibliograp~ of References to the Literature on the Minor Elements aniefr Relation to~lant Nutrition," pp. 371-406.
13 Beatty, T. B. and J. Wallace, "Goiter Survey of the
State of Utah," Utah State Board of Health Publication, 1924-25.

4

as essential in the diets of various animals by studies that
have been made by many different investigators over a long
14
neriod
of ti·me.
A f ew o :f these studies are given b rie fl y
~
in the following paragraphs.
Bell found that administering iodine in the form of
Potassium iodide during the last eight weeks of pregnancy
resulted in the birth of healthy lambs from ewes whioh had
16
previously given birth to lambs affected with goiter.

It is the opinion of Hart and Steenbook that, "Goiter,
or an enlarged thyroid gland, the fa.notion of whioh is disturbed, is the cause of hairless pigs." 16 Thie malady is
thought to be oooasioned by low iodine assimilation whioh
results in a goitrous oondition of both mother and young and
interferes more severely with fetal development than with
normal maintenance o:f the mother.

Iodine supplied to female

breeding stook along with the regular ration during the
period of gestation prevents the trouble. 17
Kalkus reports, "Perfectly controlled experiments with
!ngora goats show that goiter can be absolutely prevented by
14 Willis, Loo. Cit.

15.Bell, D. s., "Iodine Prevents Goiter in New Born
Lambs," Ohio Sta. :Oul., 470 (1931), pp. 164-165.
16 Hart, E. B. and H. Steenbook, "Goiter, or an Enlarged Thyroid Gland the Fu.notion of Which is Disturbed, is the
Cause of Hairless Pigs," Wisconsin Sta. Bul., 297 (1918), P• 11.
17 Loo. Cit.

5

administering iodine to does during pregnanoy." 18

Thompson, 19

Kelly, 20 and others have shown that small quantities of iodine generally inorease the assimilation of oaloium, nitrogen
and phosphorus in growing animals.
Chidester, Eaton, and Thompson 21 have shown iodine and
iron to be beneficial, and in some cases completely oure
xeropthalmia produced in rats by a vitamin A deficiency.
Holmes has demonstrated the curative power of iodine in the
treatment of hemoragic septicemia in cattle. 22

It has been

found that increasing the iodine content of the animal diet
geJ;1erally increases the iodine content of the animal products

e.g., milk, eggs, butter, although this does not necessarily
increase their nutritive value.

Bethke and Wilder; 23 Magee

w., "A Study of Goiter and Associated
Conditions in Domestic Animals," Wash. Sta. Bul., 166 (1920),
18 Kalkus, J.

p. 48.

--

-

19 Thompson, Juanita, "The Influence of Ca1oium and
Iodine in Growing Rats," Endocrinology, 17 (1933), pp. 537-549.
2 Kelly, F. c., "The Influence of Small Quantities of
Potassium Iodide on the Assimilation of Nitrogen, Phosphorus,
am Calcium in the Growing Pigs," Bioohem. Jour., 19 (1925),
No. 4, pp. 559-569.
21 Chidester, F. E., A.G. Eaton, and G. P. Thompson,
"The Influence of Minute Doses of Iodine and Iron on Growth
of Rats Furnished Vitamin A Free Diet," Soience, 68 (1929),
No. 1766, p. 432.
22 Holmes, J. D. E., "The Curative Treatment of Hemoragio Septicemia in Cattle by the Administration of Iodine,"
Vet. Jour., 70 (1914), No. 468, pp. 277-280.

°

23 Bethke, R. M. and O. H. M. Wilder, "The Iodine Content of Eggs," New York Cornell Sta. Rpt., (1920) • PP• 88-91.

and Glennie;

24

6

Mathieson; 25 Monroe; 26 Peters;27 Soharrer,

Sohropp, and Sohwaibold

28

have eaoh performed experiments

indicating that suoh is the oase.
There ia, however, by no means oomplete agreement as
to the function of iodine in animal nutrition.

Fisher main-

tains that the iodine deficiency theory alone is not enough
nn

to explain endemio goiter.~~

It was concluded by Holms,

Pigott, and Packard that the addition of potassium iodide to
the ration of growing young ohioks did not significantly
enhanoe its nutritive val.ue. 3 0
Iodine in Plants.

It is far beyond the scope of this

24 Magee, H. E. and A. E. Glennie, "Studies on the
Effect of Heat on Milk.--IV. The Iodine Content," Bioohem.
JOU!:_., 22 (1928), No. 1, pp. 11-14.
25 Mathieson, D. R., "Iodine Content of Milk Powder,"
Soc. Expt. Biol.~ Med. Proo., 25 (1928), No. 9, p. 826.
26 Monroe, c. F., "The Possibility of Producing Iodized
Milk," Jour. Dairy Sci., 11 (1928, No. 1, p. 106.
27 Peters, A., "Effect of Change of Feed on Iodine
Value of Butter," Molkereiztg. Hildesheim, 46 (1932), pp. 15411543.

28 Scharrer, K., W. Sohropp, and J. Sohwaibold, "Yield
and Iodine Content of Milk from Cows on Pastures Fertilized
with Iodine," Tierernahr., 6 (1933), No. 6, pp. 676-700.
29 Fisher, E., "Production and Prevention of Goitre in
Bat Experiments," Schweiz. Med. Woohenschr., 30 (1933), p. 749.
30 Holmes, Arthur D., Madeleine G. Pigott, and Wendell
H. Packard, "Effect of Supplementary Iodine on the Nutritive
Value of Chick Rations," Jour. Nutrition, 8 (1934), pp. 583-595.

7

discussion to present more than a very small fraction of the
voluminous work on iodine and plant nutrition. Bertram;
Conner; 32 Maurer, Schropp, and Duorue 33 along with ma.ny

31

others 34 have reported plant growth stimulated by iodine
fertilization.

Loew 35 reports that potassium iodide can

stimulate plant growth when applied as fertilizer in the
ratio of ten grams per acre, and reaches its maximum effect
at from twenty-five to one hundred twenty-five grams, depending upon the soil.

Above this amount gradual sinking of the

production will occur and finally a poisonous action will
result.
Some researchers have been unable to detect an increase
in crop yield as the result of iodine fertilization. 36

Most

31 Bertram, P., "The Importance of the Trace Element
for Plants," IV Congr. Inter. Tech. Chim. Ind. Agr. Bruxelles
2 (1935), pp.396-414.
32 Conner, w. H., "Study of the Iodine Content of Florida Grown Crops," Fla. Agr. Expt. Sta., Ann. Rpt.(1931), p. 66.

33 Maurer, E. , W. Sehr opp, and H. Duo rue, "The Infl ueno e
of Iodine Fertilization on the Growth and Composition of Food
Plants," Muchen. Med. Wchnschr., 76 (1928, No. 29, pp. 1246-7.
34 Willis, .QE• cit., PP• 371-406.
36 Loew, Oscar, "Stimulation the Development of Plants

with Potassium Iodide," Ztschr. Pflanzernahr., Dung.~Bodenk. A 7, (1926), pp. 233-234.
6

Mack, Warren B. and Eugene P. Brasher, "The Influence
of Commercial Fertilizers, Potassium Iodide and Soil Activity
on the Iodine Content of Certain Vegetables," Jour. Agr.
Research, 53 (1936), pp. 789-800.
~

8

workers agree, however, that iodine fertilization increases
the iodine content of the crop and its value as an animal
food. 37

Heller and Jones declare, "The iodine seems to be

more concentrated in those parts of the plant in which the
green color is more intense.

The quantity in the leaves

surpasses that of the stems, while that of the stems is
greater, as a rule, than the amount present in the roots or
tubers." 3 8
Iodine and Microorganisms.

Iodine in amounts as small

as one pa~t per million has been shown to accelerate the
growth of yeasts in nutrient solutions. 39

liartin has shown

iodine to stimulate bacterial growth when applied in concentrations of a few parts per billion.

Higher concentrations

proved toxic. 40
SUMMARY
The work reviewed above indicates the function of
iodine in the maintenance of life at various levels.

The

-

3, Scharrer, Schropp, and Schwaibold, op. cit., pp.

676-700.

38 Heller, V. G. and M. Jones, ,rrodine in Oklahoma Vegetables," Okla. Acad. Sci. Proc., Okla. Univ. 15 (1935), p. 51.
39 Greaves, J.E., C. E. Zobell, and J. D. Greaves,
"The Influence of Iodine upon the Growth and Metabolism of
Yeasts," Jour. Baat., 16 (1918), No. 6, pp. 409-450.
40 Martin, Thomas L., Unpublished Research, B. Y. U.

9

importance of adding new facts, particularly those of a quantitative character, to the fund of human knowledge on a
subjeot of this nature is readily reoognized.

The remaining

portions of this thesis are devoted to a survey of the literature, a detailed discussion of a method together with the

problems

and

processes involved in its various phases, and a

report of the iodine content of soils and other materials
from Central Utah.

CHAPTER II
A REVIEW OF THE LITERATURE CONCERNING THE OCCURRENCE

AND THE DETERMINATION OF IODINE
In the year 1811, Bernard Courtois, 1 a saltpetre manufacturer near Paris, discovered in the mother-liquors of the
lye obtained from kelp a substance which corroded the copper
vats used in the decomposition of calcium nitrate.

He was

able to purify this substance, and sent samples to various
investigators--among them J. L. Guy Lussac who was able to
demonstrate the elementary nature of the substance and gave
it the name iodine. 2

OCCURRENCE

'

/ Iodine is the least abundant of the halogens and occupies twenty-eighth place in the list of elements arranged in
I \ 3
i
their relative order of abundance\.
Aeeording to Vogt-4 ILodine
represents .0001 per cent of the earth's crust but it never
?.

I

occurs in quantity.

Iodine does not normally occur free in

l Mellor, J. w., A Comprehensive Treatis on Inorganic
and Theoretical Chemistry, II, p. 23.
2 Loe. Cit.
3

Ibid., p. 16.

4 Vogt, J. H. L., Zeit. Prokt. Geol., p. 225, (1898),
as cited by Mellor, Loe. cTt:-

,A 1

11

.,.

nature, altho-u.gh according to Wanklyn~6 the waters of Woodhall Spa (Lincoln) are colored brown by this element.

,.

1)1.<

-Dafert

and Ha:lla 6 statef that free iodine is found in certain samples

of sodium nitrate, resulting from the decomposition of the
iodates present.

Iodine is believed to be almost universally

present as an impurity.

It bas been demonstrated to be pres-

ent in soils, coal, fossils, minerals, water, plants, animals.
4

and lower life forms.

,Jdf,, t i

7

, · ·

"'

Some investigators maintain having

found it in the air, particularly sea air, in the form of
'? a/
suspended organic material.
1

r

Iodine in Soil.

Although iodine has been found in all

soils, it varies greatly in quantity.

---

,VJ1 fl-<.r.

H~o-ua , Bens on-,-ani-

Cart-M- 9 have shown a relationship between the iodine content

of the soil and the rock from which it was derived.

/ .s
In .:t&e!:r

studies of New Zealand soils these investigators reported
extremes of 397 p.p.b. in soils derived from mica schist and

5 Wa.nk:lyn, J. A., "Occurrence of Free Iodine in a
Miner:-al Water," Chem. News, 54 (1886), p. 300.
6 Dafert, F.

w. and A. Halla, "On the Occurrence of
Free Iodine in Nitrate of Soda," Ztschr. Landw. Versuchsw.
Caster., 4 (1901), No. 6, p. 732.
7 Mellor, 211· cit., p. 17
8 Gautier, A., "Is Iodine Present in the Air?" Compt.
Rend. Acad. Sci. Paris, 128 (1899), No. 11, pp. 643-649.
9 McClendon, J. F., Iodine and the Incidence of
Goiter, P. 13.

/

12,700 p.p.b. in soils derived from granite.

12

'."lon-li'ellenburg

found soils contained more iodine than the rooks from which
they were derived.lo

He supposed that tbe increased iodine

content of the soils came from rain water.

Some investigators

IIBintain that iodine is retained by the organisms of the soil.
Beo~ founi that the more colloidal the soil, the greater was

its iodine-holding power. 11

Materials of organic origin are

generally found to be high in iodine.

-In- th-is e-eaneetion

is interesting to note that Miholio reports goiter t o "

~, ,,

-

abaent in petroleum regione.12
'

-¥"rap'!I· l!UM---~v.~13 reported that heavy textured soils

contained more iodine than light textured soils and that
soils high in acid soluble lime are usually high in iodine.
The iodine associated with limestome rocks has been reported 14
as occurring in thin layers of keratin rather than in the
limestone itself.

~his. of course, is indioativa of an o~ganie

relationship.

10 von Fellenburg, T., "Iodine Content of Rooks, Their
Geological Formation and Minerals and the Content of Iodine in
the Earth," Biochem. f., 152 (1925), pp. 153-171
11 McClendon, op. cit., p. 13.
12 Ibid., p. 8.
13 Fraps, G. s. and J. F. Fudge, "Iodine in Texas
Soils," Texas Agr. ~ - Sta. Bul., No. 579 (1939), p. 22.
14 MoClendon, ~- cit., p. 8

13

Potassium iodide fertilization experiments by von Fellenburg have shown that nearly all of the iodide thus added
was oxidized to iodine and then bound by manure or other organic material in the soi1. 15 The more acid the soil the more
rapid is the oxidation of iodide to iodine.

The specific

catalytic action of soils has been defined as the number of
micrograms of iodine that in twenty-four hours come out of a
soiI moistened with two per cent potassium iodide solution.
I
Commercial Sources. / The present principal source of

commercial iodine is the nitrate deposits of South America
which contain as much as two-tenths per cent of sodium iodate
II ( I .
•
and other iodine compounds as impurities. 16 The ash of
certain marine algae, called kelp in Scotland and varec in
Normandy, also serves as an important commercial source of
iodine. 17

THE PROBLEM OF ANALYSIS
The problem of the quantitative determination of iodine
has presented a challenge to which ltter-sll~ hru1dreds of investigators have responded. 18

Gnly: a brief review of those

15 von Fellenburg, Loe. Cit.
16 Molinari, Ettore, Treatis on General and Industrial
Inorganic Chemistry, p. 153.
17 Ibid., p. 152.

18 :McClendon, .QE• cit., p. 104.

14

methods bearing more directly upon this investigation oan be
inol:uded: - he:l!"e-.

Undoubtedly / the most troublesome obstacles

in the determination of the very minute quantities of iodine
present in naturally occurring substances have been the
destruction, Without loss of iodine, of the relatively large
amounts of organic matter present, and the removal of relatively
large quantities of intar~ering
salts suoh as chlorides,
l.. ,1,.,,1

bromides, and iron salts • 19 / r.rhe methods discussed in the following sections have been largely efforts in this direction.
Combustion Methods.

It has been common practice since

Courtois first discoveren. iodine in the ash of sea weed to
resort to some form of combustion for the destruction of the
organic matter of samples to be analyzed. 20

Chatin, who

made thousands of analysi}B 1 between 1850 and 1876, added
potassium ca·rbonate to the material to be burned hoping to
retain iodine.

This practice is common even in recent ana-

lysis in spite of the fact that investigations have shown
that tbe potassium carbonate may not hold back all of the
iodine especially if the temperature of the sample rises

19 Spector, Harry and T. S. Hamilton, nThe Microdeter-

mination of Iodine in Biological Materials with Special Reference to the Combustion of Samples in the Parr Oxygen Bomb,n
Jour of Biol. Chem., 161 (1945), pp. 127-1351
20

McClend.on, .2.E• cit., p. 103

21 Loe. Cit.

above 450°

2.

15

22

Various means were so~ght to overcome this

difficulty such as carefully regulating the temperature,
addition of greater quantities of alkali, or multiplying by
a factor. 23 Kendall and Richardson 24 worked out a method
for an alkali fusion of the sample with nitrate added to
oxidize the carbon. McClendoh 25 was the first to use closed
systems for combustion.

He first experimented with an oxygen

bomb, but finding it incapable of burning large samples discarded it for a silica combustion tube.

This latter method

gave rise to the use of a platinum combustion tube with a brick
furnace and a platinum-tipped, screw-feed stoking device.

An

absorber With a triple-sintered glass wash bottle was developed by McClendon as the result of a series of experiments with
Cottrell precipitators and other devices in an effort to entrap a white smoke generated by the volatilization of chlorides
and iodides in the combustion tube. 26

Numerous modifications

of the combustion tube have been rrade from time to time

I~ .such

22 McClend.on, £12.· cit., p. 103.
23 Andrew, R. L., "Determination of Minute Amounts of
Iodine in Soils and Water," Analyst, 55 (1930), p. 269.
24 Kendall, E. C. and F. S. Richardson, "Determination
of Iodine in Blood and Animal Tissue," Jour. of Biol. Chem.

43 (1920), p. 161-170.

25 MoClendon, £12.• cit., p. 104.
26 Ibid., p. 105.

-- -

16

workers~as Sahwaibold e.nd Harder; 27 Karns; 2 ~ and -von Kolnit-z
and Remington. 29

The combustion tube method enables oomplete
recovery of iodine from large samples, but its oomplicated 30
nature is considered obj eo tionable.

Spector and Hami1-ton....ha3•

devised ~ method for the burning of plant materials in the Parr
oxygen bomb in the presence of alkali to absorb any iodine that
might be freed.

It should be noted that this combustion does

not eliminate interfering inorganic substances and the iodine
must be further concentrated before analyzing. 31
\

' 32
MoHargue, Young, and Roy
- used a dry distillation

method where they placed a soil sample in a tube heated eleotrioally to 11000

c., and collected the volatilized iodine

in potassium carbonate solution.

Itano 33 used a Bimilar

27 Schwaibold, J. and B. Harder, "Determination of Iodine in Biochemical Materials," Biochem. Z., 240 (1931), p. 441.
28

Karns, George M., "Ashing Apparatus for Samples Containing Traces of Iodine," Ind. and Eng. Chem., Anal. Ed., 4
(1932), pp. 299-375.
29 van Kolnitz, Harry and Roe E. Remington, "A Simplified Karns method for the Micro Estimation of Iodine," Ind. and
Eng. Chem., Anal. Ed., 6 ( 1933), p. 38.
30 For a complete description of the method see MoClen-

don, .2£• cit., ~p. 111-116.
31 Ibid., -p. 10 6 •

32 MoHargue, J. s., D. W. Young, and W.R. Roy, "Determination of Iodine in Soils." Ind. ~ Eng. Chem., Anal. Ed.,
4 (1932), p. 214.
33 Itano, Arao, "A Q.uantitive Method for the Determination
of Iodine," Ber. Ohara Inst. Landw. Forsh., Japan, 6 (19~~), p.5~.
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method for soils, while Hill and Jacob 34 applied these essentials to the analysis to phosphate rock.

It will be recognized

that the ability of the tube to withstand the heat necessary
to volatilize iodides (The melting point of potassium iodide
is 1330° C.} is a limiting factor in this method.
Wet Ashing Methods.

Leipert, in 1933, developed a

method for oxidizing the organic matter of a sample, and all
of the contained iodine to iodine pentoxide, by means of
chromium trioxide in a sulfuric acid medium and in the presence
of eerie sulfate as a catalyst. 36 Following this lead a
great many others, especially the biochemists, have developed
the wet ashing method to its present extensive usage.
Many reagents for wet ashing have been used by different investigators. Perhydrol in sulfuric acid, 30 chromic acid
in sulfuric acid,37 potassium permanganate in sulfuric acid, 38
~4 Hill, W. I,. and K. D. Jacob, "Determination and
Occurrence of Iodine in Phosphate Rook," Jour. Assoc. of Official Agr. Chem., 16 (1933), p. 128.
35 Leipert, T., "Determination of Minute Amounts of
Iodine in Organic Matter," Biochem. !·, 261 (1933), p. 436.
36 Pfeifer, G., "Determination of Minute Amounts of
Iodine in Organic liaterial for Physiological and Clinical
Purposes," Biochem. f., 256 (1932), p. 214.
37 Trevorrow, Virginia and Gladys J. Fashena, "The
Determination of Iodine in Biological :Material," Jour. of
Biol. Chem., 110 (1935), pp. 29-38.
38 Riggs, D. S. and Evelyn B. :Mann, "A Permanganate
Acid Ashing Micro Method for Iodine Determinations," Jour.
of Biol. Chem., 134 (1940), pp. 193-211.

potassium chlorate in sulfuric
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\~g
acid -

are but a few examples.

Some investigators have even added yeast in hopes of reducing
the amount of organic material present. 40 It will be realized,

'

of course, that the wet ashing methods cannot be used in all
oases.

It would be an almost insurmountable task to oxidize,

for example, a kilogram of food material.

In cases where such

a sample is necessary some other form of combustion is commonly utilized.
Distillation.

After the organic material has been

destroyed, the problem of isolating the iodine is still to be
solved.

Leipert's nethod 41 employed steam distillation in a

partial vacuum to separate the small amounts of iodine from
the sulfuric acid solution, after the iodine pentoxide and
excess chromium trioxide had been reduced by arsenious oxide.
Fashena and Trevorrow42 substituted phosphorous acid for the
arsenious oxide as the reducing agent, and used a combination
of aeration and rristillation instead of the vacuum-steam
39 Shahrakh, Bahman K., nA New Method for the Microdetermination of Iodine in Certain Biological Materials," Jour.
of Biol. Chem., 147 (1943), p. 109.
-40 ]lfcClend on, J. F. , "The Determination of Iodine in
Food, Drink and Excreta," Jour. of Biol. Chem., 60 (1924),
pp. 289-299.

-

--

--

41 Leipert, Loe. Cit.
4;2 Fashena, Gladys J. and Virginia Trevorrow, "A Uote
on the Determination of Iodine in Biological Material." Jour.
of Biol. Chem., 114 (1936), pp. Z51-355.
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d.istillation.

Riggs and. Hann; 43 -Ma-t-t1iews""; rrurt±s-;-

and- B?-o.a.e44

have usea reflux and simple distillations with all-glass
apparatus in their respective methods.
The procedures given have been more or less general in
their application and do not necessarily include the more
specialized procedures that have been developed and used for
specific purposes.

1{Qi:e_in.formation on thie subject may be

:found in -tlle btbli:og.ra.:o~ of this thesis.. -

Ana1yeie.

After the iodine is freed from organic

material and other interfering substances it is usually
determined either oolorimetrically or titrimetrically since
gravimetric methods would demand too large a sample.

The

earliest methods were colorimetric in that the oolor of the
blue staroh-iodine complex in water, or the color of iodine
1

4

- 46

in one of the organic sol vents was observed.

In 1842 iodine

was titrated by Fordos and Gil--irusing a standard solution of
sodium thiosulfat~ 46

~hese methods in improved form together

with electrometric methods are in use at the present time~
Fraps and Fudge used carbon tetrachloride to extract

43 Riggs and Mann, Loe. Cit.
44 Matthews, Norman L., George M. Curtis, and Wallace
R. Brode, "Determination of Iodine in Biological Materials,"
Ind. and Eng. Chem., Anal. Ed., 10 (1938), PP• 612-616.
45 McClendon, Iodine and the Inoidenoe of Goiter, p. 107.
46 Loe. Cit.
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iodine in a colorimetric modification of the Trevorrow-Fashena
method. 47 Matthews, Curtis, and Brode 48 used a microtitration
with sodium thiosulfate.

Evans and Simmons 49 used an amper-

ometrio method, while Hahn 50 used a oatalytio potentiometrio
method. Talbot, et. ai. 61 used photoeleotrio means to determine iodine in the starch-iodine complex.

Sendroy and Al-

ving 52· used polar solvents containing potassium iodide to
intensify the brown color of Iodine for colorimetery.
SUMMARY
The foregoing discussion has briefly traced the development of methods of iodine determination through more than
a century.

It has shown that the development of more refined

47 Fraps, G. s. and J. F. Fudge, "Estimation of Iodine
in Soils, Plant Material and Waters," Jour. Assoc. of Official
Agr. Chem., 23 (1940), p. 166.
48 Matthews, Curtis, ~nd Brode, Loo. Cit.
49 Evans, David P. and Norman I. Simmons, "Amperometrio

Titration of Iodine in Small Concentrations and its Application in the Determination of Dissolved Oxygen in Deaerated
Water," Jour. Soo. Chem. Ind., 63 (1944), pp. 29-~0.
50 Hahn, F. L., "Microdetermination of Iodine.

Potentiometric Measurement of Velocities of Reaction," Anales Assoc.
Qui!., Argentia, 30 (1942), pp. 85-95.
51 Talbot, Nathan B., et. al.,

The Colorimetric Estimation of Protein-bound Serum1odfiie," Jour. of Biol. Chem.,

153 (1944), p. 479.
52 Sendroy, Julius J. and Alf

11

--

-

--

-

s. Alving, "Photoelectric
Microdetermination of Iodate and Iodide," Jour. of Biol. Chem.,
142 (1942), pp. 159-170.
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methods has come in recent years. I As recent as 1924, McClendon in a method he believed "to be the most accurate now
known, 1163 used samples of one hundred liters of water and several kilograms of food materials.

Summarily, all methods

may be resolved into three phases as follows:

(1) the destruc-

tion of organic material, (2) the concentration of the iodine,
and (3) the analysis.

Although recent work has greatly im-

proved the methods of analysis by reducing the size of sample
necessary and improving the accuracy of procedure, there is
still need for improvement to meet the demand for a simple,
rapid, accurate method.

53 l~cClernlon, "The Determination of Iodine in Food,
l)rink, and Excreta," Jour. of Biol. Chem., Loo. Cit.

CHAPTER III
A DESC!{IPTION OF THE METHOD OF ANALYSIS
SELECTED FOR INVESTIGATION
SELECTION OF METH OD
The method selected for investigation and use in this
study follows the general pattern set by Leipert 1 in his
original chromium trioxide--sulfurio acid ashing method.

The

method and apparatus, in approximately the form given, were
originally ~reposed by Trevorrow and Fashena 2 as a result of
their work with iodine in biological materials.

The details

of the method, as adapted for colorimetry, are based on the
work of Fraps and Fudge 3 ooncerning the iodine content of
soils, plant materials and water.

The chemiatry department

of this University became interested, purchased the apparatus,
and used it first in connection with a thesis study on iodine
by A. Glen !aller in 1942. 4
1 Leipert, T., "Determination of Minute Amounts of
Iodine in Org-anic Matter," Biochem. f., 261 (1933}, p. 436.
2 Trevorrow, Virginia and Gladys J. Fashena, "The
Determination of Iodine in Biological Material," Jour. of
Bio!. Chem., 110 (1935}, pp. 29-38.

3 Fraps, G. S. and J. F. Fudge, "Estimation of Iodine
in Soils, Plant Material and Water," Jour. Assoc. of Official
Agr. Chem., 23 ( 1940), p. 164.
-4 Miller, Glen A., "Iodine Studies; Ooourrenoe, Biological Significance. and Q.uanti tative Determination."
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AN OUTLINE OF THE METHOD

Briefly the method consists of digesting the prepared
sample with a strong oxidizing agent in sulfuric acid, and
then distilling off the iodine for determination.

The di-

gestion serves to oxidize all organic material, and at the
same time convert all of the iodine present of iodate.

The

digest is then transferred to the distillation apparatus where
the excess oxidant is reduced simultaneously with the reduction
of the iodates to free iodine preparatory to the distillation.
The distillation is accomplished by a combination of distillation and aeration, and the distillate collected in an alkaline
absorbing solution.

The apparatus is. shown in l!1 igure I.

The

solution from the receiver is next acidified and the iodine
oxidized to iodic acid by the addition of bromine.

The solu-

tion is then boiled free of bromine, concentrated and the
iodine determined either by titrating or colorimetric methods.
Reagents.

The use of quality reagents in the deter-

mination is a matter of considerable consequence.

All reagents

used in this work were tested for purity, and purified when
necessary.

Blanks on the reagents were run and the necessary
corrections applied to the final results. 5 Fraps and Fudge

listed the reagents used and their method of purification as
follows:
5 Cf. post. p. 47

·4
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(a) Water.--Redistil distilled water from a K9 C0 3 solution in a glass apparatus (neoessary only if blai1k shows
presence of interfering substances in water).
(b) Potassium Dichromate.--Recrystallize twice from
distilled water, wash with purified alcohol, and dry in
an oven at 110° c.
(c) Chromic acid-sulfuric acid mixture.--Dissolve 3
grams of K2 Cr04 and b cc. of water in 96 cc. of concentrated H2S04•
(d) Carous sulfate.--Wash a c. P. grade three times
with purified alcohol.
(e) Phos!horous acid.--The acid oan be purified by
steam disti lation until the distilate is free of chlorides,
but purification is not necessary if the blank is zero.
Keep the volume of acid constant by heat from a second
burner.
(f) Sodium hydroxide solution.--0.02N.
(g) Carbon tetrachloride.--In most cases regular C.P.
CCl4 is satisfactory, as it contains no interfering substances and gives no blank for iodine. When necessary it
may be purified by treating 500 cc. with 50 cc. of bromine
water and allowing to stand several hours in the sunlight.
Add an excess of NaOH and let stand overnight. Wash the
solution three times with water, separating the layers
carefully each time. Dry the CCl4 by shaking with plaster
of Paris, and decant. Distill the decanted solution and
discard the first and last 25 cc. portions.
(h) Potassium iodide solution.--1~.
(1) Potassium iodide, standard solution.--Dissolve
0.654 grams of KI in 100 cc. of water. Dilute 10 co of
this solution to 100 oo. and 1 cc. to 100 cc. One oc. of
this solution contains 5 micrograms of iodine, and 1, 2,
or 5 cc. is used in making up the series of standards
necessary.6
Preparation of Material.

The soils determined in this

study were air dried, and fr eed of larger rock particles and
organic matter prior to weighing.

Thirty gram samples were

weighed directly into the digestion flasks and digested as
described. 7
6 Fraps and Fudge, Loe. Cit.
7 Cf. post, p. 34.
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Water samples of five hundred milliliters were made
alkaline and evaporated to about fifty milliliters before
digesting.
Plant mterials were burned in the Parr oxygen bomb
according to the method of Spector and Hamilton in preference
to the method of von Kolnitz and Remington. 8

The newer

method of using the bomb With alkali is considered superior
to combustion in the more complicated apparatus devised by
von Kolnitz and Remington.

The equipment is also more read-

ily available for the former procedure.
Procedure.

The procedure, aside from the chang,e s

pointed out in later chapters, is essentially that given
by ~raps and ¾dge as fallows:
To pot more than 30 cc. of solution, add 6 grams of
KCr04 j!CzCrz07J, 30 cc. of the chromic acid-sulfuric acid
mixture, and about 10 mg. of the Ce2(S04)2@ez(S04)3].
Heat.mixture over a slow free flame until temperature is
195° c., shaking occasionally to insure destruction of
all organic matter (digestion period usually about 1 hour).
Cool, add 60 cc. of water, and filter through an asbestos mat to remove the insoluble material. Prepare the
asbestos by carrying it through the same digestion. Cool
to 50° C. or lower and transfer solution to the 150 cc.
~lass distillation flask. Add 10 cc. of the phosphorous
acid, shake, and connect to the distillation outfit.
Destroy all the yellow color; if necessary add more
phos~horous acid. Attach the receiver containing 10 cc.
of 0.02 N NaOH, start slow suction through the apparatus,
and apply heat to the distillation flask (suction should
8 von Kolnitz, Harry and Roe E. Remington, "A Simplified E:a.rns n:ethod for the Micro Estimation of Iodine," Ind.
and Eng. Chem., Anal. Ed., 5 (1933), p. Z.8.
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be just sufficient to prevent any back pressure until the
solution starts boiling); then increase suction so that
the solution is rapidly agitated (50-75 liters of air per
hour). Continue distillation until the temperature of the
wolution is 150°, so regulating the heat of the burner
that this will require about 30 minutes. Discontinue the
distillation and remove the receiver, taking extreme care
at all times to prevent any back pressure in the system.
Trans fer s elution in the receiving flask to a loO cc
beaker and acidify (one drop excess) with HzS04 (1:1) .
Add bromine until the solution turns brown. Boil the
solution until the volume is reduced to about 5 cc.
Transfer to a small separatory funnel and make up to 10
cc., washing be'3.ker with small amounts of water. Add 4
drops of H2S04 (1:1) , 1 cc. of .1% KI solution, and
shake. Add 1 cc. of CCl4. Shake vigorously for 2 minutes. Transfer the CCl4 to a 15 cc. centrifuge tube and
centrifuge at full speed for 1 minute. Compare the color
with a standard solution prepared in the same way and containing- approximately the same quantity of iodine as the
unknown. }Take up a series of standards containing 5, 10,
and 25 micrograms in order to insure against too great a
spread between the standard and the unknown; one of these
may be omitted if it is known that the unknown does not
contain a similar amount of iodine.9
The procedure as detailed above constitutes the method
selected for this study, and with the exception of those instances in which the procedure was modified as a result of
the study, it was followed in the analysis.

The manner, the

extent, and reasons for the modifications of the procedure
given here are discussed in detail in the chapters of this
thesis dealing with the particular problem involved.

9 ~raps and Fudge, .Q.E.• cit., p. 165

CHAPTER IV
THE OXIDATION PROCESS

This chapter is devoted to the details of the digestion ~rocess for the oxidation of the sample.

The merits,

reactions, and results from the use of various oxidants are
also given.
The iodine of any sample to be determined must be
freed from other substances which might interfere in the
analysis as has been pointed out earlier. 1

The wet method

of ashing previously discussed was used alone in all possible cases because of its greater rapidity and simplicity. 2
The wet ashing procedure has been applied successfully
during the course of this study to wa.ter, soils 1 and blood
samples without the necessity of previous combustion of any
form.

Samples necessitating combustion are so indicated in

reporting the results.
THE OXIDIZIHG AGEUTS
The digestion was carried out experimentally with the
oxidizing agents common to the laboratory.
discussed in the following paragraphs.
1 Cf. ante, p. 14.
2 Cf. ante, p. 17.

Those used are
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Potassium Dichrormte. Potassium dichromate, used by
Trevorrow and Fashena, 3 possesses a number of characteristics
which make it useful as

an

oxidant

extensive use in oxidimetry.

4

and

contribute to its

It is easily purified, and

standard solutions can be prepared directly.
the solution does not change upon standing.

The titer of
Tne reaction

for an oxidation by the dichrormte ions in acid solution is
commonly represented by the following equation:

The valence of the chromium changes from positive six
to positive three in the reaction.

Kolthoff 5 gives the

normal oxidizing potential of this system as

1).

(at H

1.3 volts.

This, of course, increases with an increase in

the acidity of the solution since the hydrogen ions take part
directly in the reaction.

This is shown by the following

equation. 6

3 Trevorrow, Virginia and Gla,dys J. Fa.shena, "The Determination of Iodine in Biological Material," Jour. of Biol.
Chem., 110 (1935), pp. 29-38.
4

Kolthoff, I. M. and E. B. Sandell, Textbook of Quantitative Inorganic Analisis-, p. 584.
5 Ibid., p. 483.
6 Ibid. , p. 485.
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One of the -practical applications of dichromate
oxidimetry is in the titration of iron in the presence of
chloride.

When, however, the acid concentration is high,

as was the case in the digestive process, the chloride is
also oxidized.

The color changes from the yellow of the

chromate to the green of the chromic chromium as the oxidation proceeds.

The yellow is rmsked by the green color to

the extent that the com~letion of the reaction is not easily
recognized by color change.

This factor is considered

further in the chapter on the distillation.
Ceric Sulfate.

Cerio sulfate, also a common labor-

atory oxidant, is more powerful, as an oxidizing agent, than
is the dichromate. The norrml oxidation potential is 1.45
volts. 7 The reaction is represented as follows:

--t- e ----) Ce++ -t

.:. +++

Ce

This substance is not so easily purified as the dichrorna.te
but it shows a distinct color change from yeJlow to colorless
at the equivalence point.

Cerrate solutions do not decompose

on standing nor even upon boiling.
Potassium Permanganate.

Potassium permanganate is

the most powerful of all the common laboratory oxidants.

7 Yolthoff and Sandell, £.E• cit., p. 483.
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at[HJ = l
In acid solution permanganate reacts as shown by the equation:

Here again the potential is affected by the acidity of the
solution.

The fractional oxidation of the halides to free

halogens is cited by Kolthoff as an example of this change
of oxidation potential with pH.

At a pH of five to six

iodide is oxidized to iodine whereas bromide and chloride
are not affected.

At approximately a pH of three bromide

is oxidized, but the chloride is attacked only at a much
higher acidity .

Permanganio oxidations are marked at the

equivalence point by a distinct color change.

The perman-

~anate ion is purple while the manganous ion is colorless
in solution.

Permanganate solutions are subject to decom-

position on standing.

The acid solutions undergo auto-de-

composition unon boiling With the evolution of oxygen.

This

process is catalyzed. by manganese dioxid.e. 9

CHOICE OF OXIDA!JT
Experiments were conducted to determine the values of
8 Kolthoff and Sandell,
9 Ibid . , p. 582 .

.QE•

cit . , p. 483.
,

the above named oxidizing agents by adding known amounts of
iodine in the form of potassium iodide and determining the
iodine as in the usual sample.

Permanganate and dichromate

both give satisfactory iodine recoveries (Table I).

The

recoveries after oxidation with eerie sulfate were not consistant.

For this and other reasons further use of this

oxidant was abandoned.

The presence of relatively large

amounts of chloride and organic matter did not materially
affect the iodine recoveries.
As a result of these experiments potassium permanganate was selected for future use in this study.

Permanganate

is advantageous in that (1) it is easily obtained in pure
form, (2) it has an unusually high oxidation potential and
easily oxidized organic material, (3) it possesses a definite
color change upon reduction.

It has the disadvantage of decomposing at high temperatures. 10 The chief objection to the

dichromate was its poor color change upon reduction.

METHOD OF DIGESTION
The revised method of oxidation was carried out by
adding an excess of potassium permanganate crystals to the
prepared sample and then adding water and sulfuric acid to
give a volume of not less than eighty milliliters of
10 Cf. ante, p. 31.

TABLE I
COLORIMETER READINGS USING DIFFERENT OXIDANTS
WITH AND WITHOUT INTERFERING SUBSTANCES

Micrograms of
Iodine added
in presence of
Distilled water

Colorimeter reading minus blank

as KMnOb
oxid t

K2Cro07

as oxtdant

Ce(S0!)2

as oxi ant

1

2

1

2

1

2

5

10

11

10

7

7

9

10

22

24

20

21

17

12

26

57

60

62

55

35

44

50

107

105

110

106

70

80

1 gram of

sodium chloride
5

11

10

10

21

20

26

56

60

50

108

104

6

12

10

24

25

66

50

110

1 gram of
dextrose
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approximately 1:1 sulfuric acid.

The acid must be added

slowly and with cooling since considerable foaming sometimes
results.

About ten milligrams of eerie sulfate were added

to each sample as a catalyst.
by Leipert

11

This catalyst was first used

in his original wet-ashing procedure.

recent workers 12 have used no catalyst at all.
Fudge used cerous sulfate. 13

Some

Fraps and

Riggs and :Mann used both eerie

sulfate and metallic copper in their permanganate oxidation. 14
As soon as all of the acid has been added and the
foaming has ceased the fl.ask containing the sample is transferred to the hot plate and dikested until the temperature
of the mixture reaches 175°

c.

This lower temperature is

recommended because of the previously discussed auto-decomposition of permanganate solutions.

Care must be taken that

the permanganate is not decolorized before this temperature
is reached in which case the solution must be discarded.
Five hundred ml. Erlenmeyer flasks were chosen for
11 Leipert, T., "Determination of Minute Amounts of
Iodine in Organic Matter," Biochem. z., 261 (1933), p. 436.

12 Spector, Harry and T. s. Hamilton, "The Microdetermination of Iodine in Biological Materials with Special Reference tQ the Combustion of Samples in the Parr Oxygen Bomb."
Jour. of Biol. Chem., p. 129 •
- - -"I Aper~l communication from the State Chemist of
Texas confirms this.
14 Riggs, D. s. and Evelyn B. Mann, "A Permanganate
Acid Ashing Micro Method for Iodine Determinations," Jour.
of Biol. Chem., 1~4 (1940), PP• 193-211.
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use in the digestion because of convenience of handling.

The

conventional method of covering a beaker with a watch-glass
was rejected because of the spattering produced, in the later
stages of the digestion, by drops of water condensing on the
glass and falling directly into the hot concentrated sulfuric
acid solution.

The digestion usually required an hour or more

for completion.

It is probable that the process can be car-

ried out more rapidly if there be such a need.

Longer periods

of digestion serve only to decompose the permanganate.
All forms of iodine in the sample are assumed to be
completely oxidized to the iodate form during the digestion.
If the iodine were originally present as iodide the reaction
might be indicated by the following equation:

An:y iodine present in the organic natter is oxidized
upon destruction of the organic material.

It is, of oourse,

possible that soils may contain some rock particles not
soluble in the acid medium, in which case it is possible
that the iodine is not released.

If such be the oase, this

iodine is not available to the flora or fauna of the soil.

CHAPTER V
THE DISTILLATION PROCESS
The distillation process is the means whereby the
iodine is separated from the interfering substances whioh
may remain in the sample at this point.

This cha~ter is

devoted to the details of the distillation process and the
technique involved.
THE APPARATUS
The apparatus used in the study is the special allglass apparatus designed for this purpose by Trevorrow and
Fashena 1 and manufactured by the Scientific Glass Apparatus

Company, Bloomfield, New Jersey.

It consists (Figure 2) of

a round-bottomed distilling flask B, and a closely connected
train consisting of an inverted 250 ml. Erlenmeyer flask,
into the bottom of which is sealed a bulb, which in turn is
connected to a Kjeldahl trap then a condenser and finally
the receiving vessel C.

Joints a, b, c, d, e, and fare all

standard taper ground glass joints.

Clamps 1, 2, ~, 4, and 5

are used to control the suction currents through the system.
Flask A was originally designed for steam generation but
1 Trevorrow, Virginia and Gladys J. Fashena, "The
Determination of Iodine in Biological Material," Jour. of
Biol. Chem., 110 (1935), pp. 29-38.
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later it came to be used as a scrubber for the air drawn
through the system.
The apparatus is prepared for use by adding a measured quantity of absorbing solution to the receiver and
connecting with the suction line at joint~•

Clamps 1, 2,

4, and 5 are opened; 3 is closed before the distillation
flask is attached to the system.

The reducing agent is

added to the distillation flask immediately before attaching it to the system.

This operation was inconvenient in

that the amount of reducing agent necessary must be estimated and added before beginning the distillation.

As an

improvement in the method, it is suggested. that a means of
adding the reducing agent after the system is assembled be
provided.

This might be done as shown in D.

(Figure 2)

The apparatus was washed between each distillation
by drawing distilled water in intermittant gushes backwards
from the receiver through the system.

Thia was accomplished

by closing clamp 2 and attaching the suction line just below
clamp 3.

THE REDUCTION
The distilling over of the iodine is dependent upon
its reduction from iodate to free iodine by a suitable reducing agent.

This reagent must be capable of reducing all

of the excess oxidant as well as the iodate.

Leipert used

arsenious oxide as the reducing agent.

2

Trevorrow and Fa$h.e@

found that the use of araenious oxide resulted in unwarranted
high iodine values and substituted phosphorous acid in its
place. 3

Riggs and l'l:ann used oxalic acid as the reducing

agent after their permanganate oxidations. 4

Both of these

latter reagents have been successfully used in this study,
although phosphorous acid has some properties which make it
more desirable.
Permanganate oxidizes oxalic acid according to the
equation: 5

It will be noted that relatively large amounts of carbon
dioxide are liberated in the reaction.

The foaming attend-

ing the reduction of some soil samples with oxalic acid has
been a source of difficulty in the distillation.

In hot

solution oxalic acid decomposes with the evolution of both
carbon monoxide and carbon dioxide according to the equation:
2 Leipert, T., "Determination of Minute Amounts of
Iodine in Organic Hatter," Biochem. f•, 261 (1933), p. 436.
3 Trevorrow, and Fashena, Loe. Cit.
4 Riggs, D. s. and Evelyn B. Mann, "A Permanganate
Acid Ashing Micro l'!:ethod for Iodine Determination," Jour.
of Biol. Chem., 134 (1940), pp. 193-211.
5 Kolthoff, I. M. and E. B. Sandell, Textbook of Quantitative Inorganic Analysis, p. 592.
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This reaction is catalyzed by manganous salts.

It is probable,

therefore, that any oxalic acid in excess is partially decomposed in this manner.
The hazard accompanying the possible liberation of
carbon monoxide, the foaming of the mixture in the distillation fl.ask, and the possibility of the formation of reducing
n

substances' when oxalic acid is used make phosphorous acid
the preferred reagent.

The reduction of the iodate from the

sample probably occurs in the manner shown by the following
equations:

It was found by determination on standard samples that
best recovery was assured when the final temperature of the
distilling mixture reached 145° to 150° and approximately one
hundred ml. of distillate were collected.

The temperature was

controlled throughout this study by placing a short-stemmed
thermometer inside the distillation flask.

Copper wire which

was first used to hold. the thermometer was found to iu terfere
6 Kolthoff and Sandell, 2£.• oit., p. 592.
7 Bauman, E. J. and N. Metzger, non the AmoUJ?,t of
Iodine in the Blood," Jour. of Biol. Chem. , 121 ( 19~7)
p. 231.
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with the determination.

Rubber bands then selected deter-

iorated rapidly in the strongly acid medium.

It was

found that if a thermometer of proper diameter was used it
could be suspended by friction alone.

This proved to be

of great value throughout the study.
Bumping in the distillation flask was not a serious
problem at any tin:e.

Very few soil samples exhibited a

tendency to bump whether filtered after digestion or not.
Consequently the soil samples were introduced into the flask
in their entirety.

This made washing the apparatus more

difficult but eliminated the possibility of iodine loss upon
filtering and the need for concentration of the filtrate.
An attempt was made to use steam as a means of carrying over the iodine as originally suggested by Trevorrow and
Fashena, but it was found, as they reported later, that recoveries were unsatisfactory. 8

Results in this laboratory

showed low iodine recoveries from standard samples.

The

distillation-aeration combination was, therefore, use~ to
carry over the iodine.

This was accomplished by drawing

washed air through the entire system during the distillation.
Satisfactory results have been obtained by the use of this
latter procedure.
8 Fashena, Gladys J. and Virginia Trevorrow, '1 A Note
on the Determination of Iodine in Biological Material," Jour.
of Biol. Che~., 114 (1936), pp. 351-355.
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ABSORPTION
It has long been known that iodine is absorbed by
alkaline solutions.

Above a pH of eight the reaction occurs
Q

with the formation of iodine and hypoiodite as follows:·

The hypoiodi ta is extremely unstable and is rapidly trans.formed into iodate. 1O

The solution used by Fraps and Fudge was .02 N sodium
hydroxide.

It was found that on some samples, particularly

if the temperature of the distilling mixture rose above
150° C., that the solution in the receiver became acid. In

these cases the recovery of iodine was extremely low.

In the

light of this experience it was deemed expedient to use a
stronger absorbing solution.

Consequently a solution .1 N

in sodium hydroxide and potassium carbonate was selected.
This solution has given very satisfactory results even for
samples high in iodine.
It should also be noted that when the receiver became
9 Jifollor, J. W., A Comprehensive Treatis on Inorganic
and Theoretical Chemistry, II, p. 93.

lO Loo. Cit.
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warm from the flame under the distilling flask iodine recov-

eries were low.

Protection was afforded the receiver by

placing a piece of asbestos board between the distillation
flask and the receiver.

CHAPTER VI
THE ANALYSIS FOR IODINE

The methods for determining the amount of iodine present
after isolation from interfering substances are largely colorimetric or titrametric.

Both of these tYPeS have been studied

and are discussed in this chapter.
COLORIMETRIC METHODS
Iodine Colors.

The oolor associated with iodine in

its various forms has long been an object of curiosity.
Courtis was impressed by the "superb violet colour" of iodine
vapor. 1 The brown color of alcoholic or water solutions of

.

iodine, and the blue color imparted by starch wre some of the
most commonly observed oolors associated with iodine.

A

single drop of .1 N iodine solution imparts a pale yellow
color to one hundred milliliters of water.

The blue color

produced by the starch-iodine absorption oomplex is visible
with iodine concentrations of 2 X 10- 5 Nat room temperature. 2
The sensitivity of this reaction decreases with increasing
tem~erature.

Organic solvents like chloroform and carbon

1 Mellor, J. W., A Comprehensive Treatis
and Theoretical Chemistry, II, p. 23.

£!!_

Inorganic

2 Kolthoff, I. M. and E. B. Sandell, Textbook of Quantitative Inorganic Analysis, p. 618.
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tetrachloride dissolve iodine to give reddish-violet colors
which persist at even lesser concentrations.

Beer's Law.

The use of these solutions in analysis

depends on their conforming to Beer's law, i. e., the intensity of the color is proportional to the concentration of
the solution.

It has been found that under controlled con-

ditions these colors do conform to Beer's law over wide
concentrations.
Liberation of Iodine.

The method selected for inves-

tigation used the color produced by iodine in oarbon tetrachloride as the basis of analysis.

The iodine was liberated

from the solution contained in the receiving flask by oxidation with bromine and reduction with potassium iodide.
This method of liberating the iodine was chosen because the
iodine liberated is six times as great as that contained in
the original solution.

This is shown by the following equa-

tions:
I-----t- 3

6H-t

+

(Q)

;>I03

51-+ I03~3I2 -r3H20

3

Fraps and Fudge used one milliliter of carbon tetrachloride to extract the iodine liberated in ten milliliters
3 Kolthoff and Sandell,~-

ill·•

P• 623.
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of solution. 4

The colorimeter used in this study necessi-

tated the use of five milliliters of solvent.
Extraction.

When an aqueous iodine solution is

shaken with carbon tetrachloride the iodine divides itself
between the two immiscible solvents in proportion to its
solubility in each. 5

::; .I{

The partition coefficient in t~is case is 1/85 at room temperature.6

If ten milliliters of solution containing ten micro-

grams of iodine are extracted with one milliliter of carbon
tetrachloride the amount remaining in the water is 1.05 r' . If
the same solution is extracted with five milliliters .23 1 remain.

This advantage, however, is more than offset when we

consider that the concentration in the former case is 8.95 ¥/ ml.
and in the latter only 1.95 ¥/ ml.
Calibration.

The amount of iodine in a sample was

determined by using a calibration curve (Figure 4) prepared
as described below.

Sam~les containing known amount of

4 Fraps, G. S. and J. F. Fudge, "Estimation of Iodine
in Soils, Plant Material, and Water," Jour. Assoc. of Official
Agr. Chem., 23 (1940), p. 166.
5 Kolthoff ani Sandell, .2.E· cit., p. 89.
6

Loe. Cit.
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iodine were taken completely through the prooess and the
iodine extracted by shaking with five milliliters of carbon
tetrachloride in a separatory funnel.

The colored layer was

drained from the funnel into the colorimeter tubes and centrifuged to remove water.

They were then placed in a Klett

photoelectric colorimeter (Figure 3) set to read zero for a
blank carried through the process and a reading taken.

These

readings were then plotted against the number of micrograms
of iodine present in the sample as shown in Figure 4.

~pecial

precautions were taken to assure uniform conditions during
the extraction and reading, and a constant temperature bath
was used to guarantee a constant volume of carbon tetrachloride.

The use of the colorimeter proved to be a simple,

raP.id method, but it has certain limitations.

The inaccuracy

of readings on samples containing less than five micrograms
of iodine proved to be one of the principal inadequacies.
Starch-iodine Color.

The writer endeavored to over-

come this handicap by the use of starch but was unable to
obtain results that were considered reliable, due to an inability to adequately control the intensity of the color.
The colorimeter, with the proper filter, was more responsive
to the blue color of the starch complex than the red of the
iodine in carbon tetrachloride in spite of the reported
greater limit of visibility of the latter.
7 Cf. ante, p. 45.

7
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FIGURE 3
PHCTOELECTRIC COLORD,:ETER AND CENTRIFJGE
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TITRAMETRIC METHODS
The titration of iodine 1s usually done with a standard sodium thiosulfate solution.
by Fordos

and

0

Gelis in 1842.v

This method was first used

The reaction is given by Kol-

thoff as follows:

Oxidation of Iodate.

In order to perform this titration

the iodine must be in acid or neutral solution in the form of
free iodine, and all other oxidizing agents must be absent.
The iodine is most generally liberated by oxidizing the iodine
to iodic acid, destroying the excess oxidant and adding potassium iodide as discussed previously. 9

Bromine was used exclu-

sively as the oxidizing agent in this study.

Riggs and Mann; 10

Matthews, Curtis, and Brode;ll and Spector and Hamilton12 have

P• 107.

8 MoClendon, J. F., Iodine and the Incidence of Goiter,
9 Cf. ante, p. 45.

lO Riggs, D. s. and Evelyn B. Mann, "A Permanganate
Acid Ashing Micro Method for Iodine Determination," Jour.
of Biol. Chem., 134 (1940), pp. 193-211.
11 Matthews, Nonnan L., George M. Curtis, and Wallace R.

Brode, ''Determination of Iodine in Biological Materials,n Ind.
and~- Chem., Anal. Ed., 10 (1938), pp. 612-615.
12 Spector, Harry and T. S. Hamil ton, "The Microdetermination of Iodine in Biological Materials with Sp ecial Heference to the Combustion of Samples in the Parr Oxygen Bomb,"
Jour. of Biol. Chem., 161 (1945), pp. 127.

..
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all used a permanganate oxidation as proposed by Groak in
1934. 13 It should be pointed out, however, that the volume
of distillate collected in these cases was small and did not
afford the same opportunity for boiling off the bromine as
the large amounts of distillate collected by use of this
method.

The bromine vapors were added to the acidified dis-

tillate and the excess completely removed in the boiling
process necessary for concentrating the distillate.

Bromi-

nated blanks did not liberate iodine from potassium iodide
after boiling as shown by the starch test.
Staniardization of Thiosulfate.

Titrations were per-

formed With .0002 N sodium thiosulfate solution which had
been standardized against potassium biniodate as directed by
Matthews, Curtis, and Brode.
however, needs clarification.

The statement by these authors,
They report that the thio-

sulfate should be " • • • standardized against standard dilutions of 0.1 N ~otassium biniodate (32.51 grams per liter)."

14

~otassium biniodate KH(I03)2, molecular weight approximately
390) reacts with potassium iodide to liberate twelve moles of
iodine for each mole of biniodate, therefore, 32.51 grams per
liter (this exceeds its solubility) gives a solution not 0.1 N
13 Groak, B., ''Permanganate Oxidation in the l.Ucrodetermination of Iodine," Biochem. ~-, 270 (1934), p. 291.
14 Matthews, Curtis, and Bro de, op. cit. , p. 614.
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but one normal with respect to iodine after reacting.

A

microburette of five milliliters capacity was used in the
titrations which were performed after adding a few crystals

of potassium iodide, two drops of 1:1 sulfuric acid and
two drops of fresh starch solution to the cooled, condensed

distillate.

Because of its greater flexibility the titration

method was preferred.

CHA.P'.l.'.lili VII
RESULTS OF ANALYSIS
The iodine content of the rraterials analyzed by the
method described iB reported in this chapter.

The materials

are divided arbitrarily into three groups for purposes of
discussion.

SOILS
The soil samples analyzed were taken from the south
central part of Utah County as shown by the map in Figure 5.
The stars on the map indicate as nearly as possible the approximate location of each sample.

The samples were taken

from the upper six inches of soil in all cases and represent
only the A soil horizon.

A brief description of each sample

along with the amount of iodine present may be found in
Table II.
The figure denoting the iodine content of each soil
sample has also been placed on the United States Department
of Agriculture soil map, Figure 6.

It will be noted from

this map that a definite relationship exists between soil
type and iodine content.

Upon examination of the soils

sampled it is immediately apparent that the sandy soils contain less iodine than the clays.

It is further the belief

of the author that a relationship exists between the organic
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TABLE II
DESCRIPTION AND IODINE CONT.ENT
og SOIL SAMPLES

Sample
number
1.

2.

Desoription

Iodine oontent
in p.p.b.

Very light, fine sandy soil from hillside west of Springville Cemetery. Not
under oultivation, but supports good
plant growth.

266

Grey olay (adobe) soil from alkali spots
northeast of Spanish Fork. "Alkali" at
surface, vegetation very sparce to none.

8664

3.

Sandy loam cultivated soil west of
Spanish Fork.

2609

4.

Sandy loam cultivated river bottom
land in Lakeshore.

3160

5.

Cultivated loam, Lakeshore.

3532

6.

Sandy soil from very alkaline spot
devoid of growth in a oultivated
field, West Lakeshore.

3390

Dark colored loam soil from
of vegetation in salt grass
Utah Lake covered this soil
It is irrigated by drainage

6882

7.

8.

spot devoid
pasture.
in 1925.
water.

Light sandy loam from West Mountain.
Under Highline Canal but not now
cultivated.

1554

56

TABLE II (continued)

DESCRIPTION AND IODINE CONTENT
OF SOIL SAMPLES

Sample
number

Description

Iodine content
in p.p.b.

9.

Heavy dark loam southwest of Benjamin.
Irrigated by water from Beer Creek.

5032

10.

Soil from exposed Sllrface in dooryard.
Benjamin.

266

11.

Loam soil, sou.th of Benjamin.

3108

12.

Fine sandy soil southeast of Benjamin.

2012

13.

Loam soil in south part of Leland.

3910

14.

Light soil from arid hilltop, not
aul ti va ted. Leland.

1036

15.

Light soil from high ground.
south of S-panish 'li'ork.

1184

16.

Sandy loam soil, Salem.

2215

17.

Sandy loam soil, Payson.

2516

18.

Loam soil from north of Payson.

3190

Cultiv a ted

56

FIGURE 5
~ SEC NI NG LO CAT IONS CF SAMPLES
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"
FIG0RE 6
SCIL m..Af WirH IOiHl~E CONTENT OF SAM.i:LES
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matter found in the soils and their iodine oontent.

The re-

lationship between soil "alkali" and iodine content is shown
in Figure 7 and Table III.

There has been found a definite

tendency for iodine to accumulate in those areas where other
soluble soil salts accumulate.

WATER
The water samples analyzed consist primarily of the
drinking waters of Southern Utah County and the waters assooiated with the deposits of hydrocarbons in the Uintah Basin.
The results of these analysis are given in Table IV.

These

results show that the drinking water of this area is low in
iodine content.

The waters associated with the organic de-

posits of the Uintah B~sin all show a higher iodine oontent
than the city water samples.
The samples of drainage and surface waters have been
shown to contain more iodine than deep well waters and city
supplies.
J:iiller. 1

This is al.so born out in the analysis made by
It is interesting to note in this connection a

report on goiter in the intermountain region by G. W. Middleton.2

He maintains that the incidence of goiter greatly

lMiller, Glen A., "Iodine Studies; Occurrence, Biological Significance, an:l ~uantitative Determination." Master's
Thesis, p .
2 Middleton, G. w., "Goiter in the Intermountain Region
of Utah," Jour. Amer. Med. Assoc., 84 (1925), No. 16, PP•

1172-1173.--
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TABLE III
IODINE CONT~:NT OF SOILS ~S RELATED TO SOIL ALKALI

Sample
number

1)escription

Iodine Content
in p.p.b.

1.

Average for all soils with "less
than 0.2 per cent alkali".

1774

2.

Average for all soils v:r.i. th ". 2 to
.4 per cent alkali".

3055

3.

Average for all soils with ".4 to
1.0 per cent alkali".

4211

4.

Average for al 1 soils too alkali
for plant growth.

6279
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FIGURE 7
ALKALI t..AE WITH IODINE CONTENT 0.f &\ Mi-LES
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TABLE IV
IODINE CONTE.NT OF SOME WATER S.ci.Tuii?LES

Sample
number

Description

Iodine content
in p.p.b.

1.

Salt Lake City water.

1.3

2.

Provo City water.

4.5

3.

Springville City water.

2.6

4.

Spanish Fork City water.

5.8

5.

Payson City water.

2. 2

6.

~lowing well, Benjamin.

3.5

7.

Payson Slough.

8.

Utah Lake.

9.

Cottonwood Spring west of Vernal.

34

10.

Whiskey Creek Spring east of Dragon.

39

11.

Raven Gilsonite Mine.

35

12.

Davis Gilsonite Mine.

20

27
7
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increased in many Utah communities with the shift from surface wells

am

creeks as a source of drinking water to the

modern water systems having their source of supply in the
mountain springs.
OTHER MATERIALS

These analysis were :rmde with a view toward testing
the application and gaining new informs tion as to the distribution of iodine.

Results of these analyses are given

in Table V.
Gilsonite is a brittle, jet-black solid asphaltite.
mineraloid found only in the Uintah Basin.
to be of organic origin.

It is believed

The iodine content of the sample

would seem to substantiate the concept.

63

TABLE V
IODINE CONTENT OF MISCELLANEOUS SAMPLES

Sample
number

Desoription

Iodine oontent
in p.p.b.

1.

Sugar beet pulp. (Dried)

2.

Chicken blood.

3.

Solids from Great Salt Lake.

590

4.

Oil sandstone.

910

6.

Gilsonite.

* Combustion necessary.

170*
11

1368*

CHAPTER VIII

SUMMARY
A summary of the literature on the nutritional value
of iodine in the diet of various forms of life is given.

The

majority of evidence indicates that iodine is an essential
ellement in plant and animal nutrition.

It functions parti-

cularly in animal metabolism in the form of teyroxine.
The occurrence of iodine in a nature has been briefly
discussed.

Investigations made in this regard indicate

iodine to be almost universally distributed in very minute
amounts.

Most iodine salts are soluble in water and their

distribution is affected by water movements.

Results of

iodine determinations made during the course of this study
support this idea.

This investigation also supports the con-

cept that iodine is taken up by life forms and its distribution
thereby affected.
As one might expect, the problem of the quantitative
determination of a substance occurring in such minute amounts
presents a difficult problem.

A brief outline of the history

of the development of analytical methods with particular
emphasis on the oxidation of organic material and the liberation of iodine is recorded in this theses.

A particular

wet ashing method has been investigated and modifications
have been made to increase its reliability and simplify its

65

techniques.

The modifications involving both the oxidiz-

ing process for the destruction of organic material, and the
control of the distillation process are based on experimental
data and experience gained during this study.

The applicabil-

ity of the method in its modified form to a wide range of
materials has been demonstrated ex~erimentally.
A limited survey of the iodine content of the soils
of a given portion of Utah County has been made and the
iodine content correlated with the soil type and alkalinity.
The writer is not aware of any other iodine analyses of Utah
soils.
It is probable that further iodine analyses of soils
in the Great Basin area with respect to geologic origin,
water movements and soil organisms would yield data of interest in the goiter problem of this area.
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